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The mean electromotive force that occurs in the framework of mean{eld magnetohydrodynamics is
studied for cases in which magnetic eld fluctuations are not only due to the action of velocity fluctuations
on the mean magnetic eld. The possibility of magnetic eld fluctuations independent of a mean magnetic
eld, as they may occur as a consequence of a small{scale dynamo, is taken into account. Particular attention
is payed to the eect of a mean rotation of the fluid on the mean electromotive force, although only small
rotation rates are considered. Anisotropies of the turbulence due to gradients of its intensity or its helicity
are admitted. The mean magnetic eld is considered to be weak enough to exclude quenching eects. A
τ -approximation is used in the equation describing the deviation of the cross{helicity tensor from that for
zero mean magnetic eld, which applies in the limit of large hydrodynamic Reynolds numbers.
For the eects described by the mean electromotive force like α{eect, turbulent diusion of magnetic
elds etc. in addition to the contributions determined by the velocity fluctuations also those determined
by the magnetic eld fluctuations independent of the mean magnetic eld are derived. Several old results
are conrmed, partially under more general assumptions, and quite a few new ones are given. Provided
the kinematic helicity and the current helicity of the fluctuations have the same signs the α{eect is always
diminished by the magnetic fluctuations. In the absence of rotation these have, however, no influence on
the turbulent diusion. Besides the diamagnetic eect due to a gradient of the intensity of the velocity
fluctuations there is a paramagnetic eect due to a gradient of the intensity of the magnetic fluctuations.
In the absence of rotation these two eects compensate each other in the case of equipartition of the kinetic
and magnetic energies of the fluctuations of the original turbulence, i.e. that with zero mean magnetic eld,
but the rotation makes the situation more complex. The Ω J{eect works in the same way with velocity
fluctuations and magnetic eld fluctuations. A contribution to the electromotive force connected with the
symmetric parts of the gradient tensor of the mean magnetic eld, which does not occur in the absence of
rotation, was found in the case of rotation, resulting from velocity or magnetic fluctuations.
The implications of the results for the mean electromotive force for mean{eld dynamo models are
discussed with special emphasis to dynamos working without α-eect.
The results for the coecients dening the mean electromotive force which are determined by the
velocity fluctuations in the case of vanishing mean motion agree formally with the results obtained in the
kinematic approach, specied by second{order approximation and high{conductivity limit. However, their
range of validity is clearly larger.
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*1. INTRODUCTION
The mean{eld approach proved to be very useful in studying dynamo processes in turbulently moving
electrically conducting fluids (see, e.g., Moatt 1978, Parker 1979, Krause & Ra¨dler 1980, Zeldovich et
al. 1983). The crucial point of this approach is the mean electromotive force which is determined by
the fluctuations of the fluid velocity and the magnetic eld. It describes several physical eects like α-
eect, turbulent diusion of the magnetic eld or turbulent diamagnetism. In many investigations on the
kinematic level the magnetic fluctuations are understood as caused by the action of the velocity fluctuations
on the mean magnetic eld. This implies that they vanish if the mean magnetic eld does so. The mean
electromotive force can then be considered as a quantity determined, apart from the mean velocity, by the
velocity fluctuations and the mean magnetic eld.
There are, however, many realistic cases with magnetic fluctuations which exist independent of the
action of the velocity fluctuations on the mean magnetic eld and do not vanish if it does so. We recall here
the numerous investigations showing the possibility of small{scale dynamos with a zero mean magnetic eld
(see, e.g., Kazantsev 1968, Meneguzzi et al. 1981, Zeldovich et al. 1990, Nordlund et al. 1992, Childress &
Gilbert 1995, Brandenburg et al. 1996, Rogachevskii & Kleeorin 1997, Kleeorin et al. 2002b). As pointed
out already by Pouquet et al. (1976) in such cases the mean electromotive force has in addition to the
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contributions mentioned above, which can be ascribed to the velocity fluctuations, also others due to those
magnetic fluctuations which exist independent of the mean magnetic eld.
Several investigations on the mean electromotive force comprising both kinds of contributions have been
carried out so far. We mention in particular those by Kichatinov 1982 and by Vainshtein and Kichatinov 1983,
in which an isotropic turbulence with a scale{independent correlation time was assumed. Results concerning
the α-eect, the turbulent magnetic diusivity and the turbulent diamagnetism or paramagnetism for an
originally isotropic turbulence subject to mean rotation have been derived using a modied second{order
correlation approximation by Kichatinov 1991, Ru¨diger & Kichatinov 1993 and Kichatinov et al. 1994.
In this paper we present an approach to the mean electromotive force which reproduces such results
under more general assumptions and reveals new ones, which are of particular importance for astrophysical
applications. We exclude mean motions of the fluid other than a rigid body rotation with some small rotation
rate. We further consider only a weak mean magnetic eld so that its energy density is small compared to
the kinetic energy density. In this way we do not consider quenching eects, i.e. reductions of the coecients
dening the mean electromotive force with growing mean magnetic eld, which are very important in view
of the nonlinear behavior of dynamos and have been discussed in a number of papers (see, e.g., Gruzinov
& Diamond 1994, Cattaneo & Hughes 1996, Seehafer 1996, Kulsrud 1999, Field et al. 1999, Rogachevskii
& Kleeorin 2001, Kleeorin et al. 2002a, Blackman & Brandenburg 2002). Finally we use a τ -approximation
in the equations describing the deviation of the cross{helicity tensor from that for zero magnetic eld. In
contrast to the often used second-order correlation approximation it does not totally ignore higher than
second{order correlations but considers their influence in some summary way. The τ{approximation in that
sense applies in the limit of high hydrodynamic Reynolds numbers.
In Section 2 we will explain the concept of mean{eld magnetohydrodynamics for a homogeneous incom-
pressible fluid. In Section 3 we introduce a Fourier representation of the velocity and magnetic fluctuations,
dene correlation tensors and express the mean electromotive force by the cross{helicity tensor. After giving
an equation for this tensor in Section 4 we introduce in Section 5 the mentioned τ -approximation, which
leads to closed equations for that part of the cross{helicity tensor which determines the mean electromotive
force. In Section 6 general relations for this mean electromotive force are given, and in Section 7 more
specic relations for the case for small rotation rates. In Section 8 we restrict ourselves to the limit of
weak mean magnetic elds so that the mean electromotive force can be considered as linear in the mean
magnetic eld and specify the correlation tensors for the \original" turbulence, that is, the turbulence for
zero mean magnetic eld. For zero rotation they are determined by simple assumptions concerning the
deviations from a homogeneous isotropic turbulence, and the influence of a slow rotation on the velocity
fluctuations is calculated by a perturbation procedure, again based on a τ{approximation. We further intro-
duce Kolmogorov-type spectra of the relevant quantities. On this basis we deliver results for the coecients
dening the mean electromotive force and discuss them with special attention to the dierent eects of
velocity and magnetic eld fluctuations. Finally, in Section 9 our results are compared with results of the
kinematic approach in the second-order correlation approximation, some remarks concerning their range of
validity are made, and some prospects are mentioned concerning the extension of the approach of this paper
to related questions of mean-eld magnetohydrodynamics.
*2. FORMULATION OF THE PROBLEM
We consider a turbulent motion of an electrically conducting incompressible fluid in interaction with
a magnetic eld. Let us assume that the fluid velocity U and the magnetic eld B are governed by the
equations eqnarray ∂U∂t + (U  r)U = −rPρ + 1µρ(rB)B
We further assume that there is an averaging procedure which denes for each quantity Q an average
hQi and satises the Reynolds rules. In the spirit of the mean-eld concept we split the fluid velocity U and
the magnetic eld B according to eqnarray U = U + u , B = B + b , B1
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